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(57) ABSTRACT

A steering system 1includes a rotation angle sensor that
detects a signal related to an absolute steering angle, and an
assist circuit that acquires the signal related to the absolute
steering angle while an ignition switch 1s ofl in order to
reduce battery consumption. The assist circuit includes a
counter that updates a count value based on a result of
detection by a first rotating direction determining unit and a
second rotating direction determining unit that determine a
rotating direction of a motor, and an abnormality detecting
unit that detects an abnormality in absolute steering angle
based on a past value and a current value of the count value
in the counter.

8 Claims, 3 Drawing Sheets
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1
STEERING SYSTEM

INCORPORAITION BY REFERENCE

The disclosure of Japanese Patent Application No. 2014-
126972 filed on Jun. 20, 2014 including the specification,

drawings and abstract, 1s incorporated herein by reference 1n
its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The 1invention relates to a steering system.

2. Description of Related Art

Vehicular systems include various systems such as a
steering system, a brake system, a back guide system, and a
vehicular stability control system which perform control
using an absolute steering angle. For example, 1n a steering,
system described 1 European Patent No. 2030658, the
absolute steering angle 1s detected using an evaluation unit
configured as an ASIC including a sensor that can detect a
relative steering angle and a counter that increases and
decreases a count value 1n accordance with a relative steer-
ing angle signal obtained from the sensor even while an
1gnition switch 1s off (during an IG off state). That 1s, to what
period the steering angle corresponds 1s determined based on
the count value, and the absolute steering angle 1s evaluated
using the relative steering angle detected by the sensor.

If an abnormality such as a mismatch between the relative
steering angle signal and an increase or a decrease in count
value occurs 1n the evaluation unit, an incorrect absolute
steering angle may be detected. Detection of the incorrect
absolute steering angle causes a controller for the steering
system to perform control based on the incorrect absolute
steering angle. Thus, the system in Furopean Patent No.
20506358 detects an abnormality 1n absolute steering angle as
follows. That 1s, two such counters as described above are
provided to make a count function redundant so that an
abnormality detecting unit can compare two count values to
determine whether the detected absolute steering angle 1s
normal. Upon determining the absolute steering angle to be
abnormal, the controller for the steering system stops the
control based on the absolute steering angle.

The steering system in European Patent No. 20350658
certainly enables an abnormality 1n absolute steering angle
to be detected. However, the system needs processing time
to compare the two count values. The time needed to
determine an abnormality 1n absolute steering angle 1s also
increased by an amount equal to the processing time.

SUMMARY OF THE INVENTION

An object of the present mnvention 1s to provide a steering
system that enables a reduction 1n time needed to determine
an abnormality 1n steering angle.

A steering system according to an aspect of the present
invention includes a position detector that detects a signal
related to an absolute steering angle and an assist unit that
acquires the signal related to the absolute steering angle
while an 1gnition switch 1s off. The assist unit includes a
counter that increases and decreases a count value based on
a steering direction and an abnormality detecting unit that
compares a past value and a current value of the count value
to detect an abnormality 1n the absolute steering angle.

This configuration enables an abnormality 1n the absolute
steering angle to be detected using the past value and the
current value 1n the one counter. This 1s because the count
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value 1s a signal indicative of a change in the absolute
steering angle. A configuration 1s possible 1n which a plu-
rality of counters 1s provided to allow count values 1n the
counters to be compared. However, compared to the con-
figuration with the plurality of counters, the configuration
according to the present aspect that detects an abnormality

using a single counter enables a reduction 1n processing time
for abnormality detection.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and further features and advantages of the
invention will become apparent from the following descrip-
tion ol example embodiments with reference to the accom-
panying drawings, wherein like numerals are used to rep-
resent like elements and wherein:

FIG. 1 1s a block diagram depicting a configuration of a
steering system in an embodiment;

FIG. 2 1s a schematic diagram depicting a configuration of
an assist circuit in the embodiment; and

FIG. 3 1s a schematic diagram of a rotating direction
determining unit 1n the embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

An embodiment of a steering system will be described
below. The steering system 1n the present embodiment 1s an
clectric power steering system (EPS) that applies an assist
force to a steering mechanism using a motor.

As depicted 1in FIG. 1, the EPS 10 includes a steering
mechamism 20 that steers steered wheels 26 based on a
driver’s operation of a steering wheel 21, a steering assist
mechanism 30 that assists the driver’s steering operation,
and an electronic control unit (ECU) 40 that controls the
steering assist mechanism 30.

The steering mechanism 20 includes the steering wheel 21
and a steering shaft 22 that rotates integrally with the
steering wheel 21. The steering shaft 22 includes a column
shaft 22a coupled to the steering wheel 21, an intermediate
shaft 2256 coupled to a lower end of the column shaft 224,
and a pmmion shaft 22¢ coupled to a lower end of the
intermediate shait 225. A lower end of the pinion shait 22¢
1s coupled to a rack shait 23 extending 1n a direction that
crosses the pimion shait 22¢. Rotary motion of the steering
shaft 22 1s converted into axial reciprocating linear motion
of the rack shaft 23 via a rack-and-pinion mechanism 24.
The reciprocating linear motion 1s transmitted to the right
and leit steered wheels 26 via tie rods 25 coupled to opposite
ends of the rack shait 23 to change the steered angles of the
steered wheels 26. Thus, a vehicle traveling direction 1s
changed.

The steering assist mechanism 30 includes a motor 31 that
1s a source of a steering assist force. A rotating shait 31a of
the motor 31 1s coupled to the column shait 22q via a speed
reduction mechanism 32. The speed reduction mechanism
32 reduces the speed of rotation output from the motor 31 to
transmit a torque generated by the motor 31 to the column
shaft 22a. A steering torque T of the motor 31 1s applied to
the steering shait 22 as the steering assist force to assist the
driver’s steering operation.

The ECU 40 controls the motor 31 based on detection
signals from various sensors provided in the vehicle. The
various sensors include, for example, a torque sensor 31 and
a rotation angle sensor 32. The torque sensor 51 1s provided
on the column shait 22a, and the rotation angle sensor 32 1s
attached to the motor 31. The torque sensor 51 detects the
steering torque T applied to the steering shaft 22 as a result
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of the driver’s steering operation. The rotation angle sensor
52 1s provided on the motor 31 to output an electric signal
according to the rotation angle 0 of the rotating shait 31a.
The electric signal according to the rotation angle 0 1s a
signal related to an absolute steering angle 0s. For example,
a magnetoresistive sensor (MR sensor) 1s adopted as the
rotation angle sensor 52. The MR sensor has a bridge circuit
including a plurality of magnetoresistive elements. The
rotation angle sensor 52 generates a sin signal and a cos
signal as the electric signal according to the rotation angle 0.
The ECU 40 controls the motor 31 based on the steering
torque T detected by the torque sensor 51 and the electric
signal generated by the rotation angle sensor 52.

The motor 31 1s provided with an assist circuit 33. The
assist circuit 33 outputs the signal related to the absolute
steering angle Os detected by the rotation angle sensor 52, to
the ECU 40, to assist the ECU 40 1n calculating the absolute
steering angle 0s. The assist circuit 33 may be configured as
a single integrated circuit (ASIC). The signal related to the
absolute steering angle Os obtained by the rotation angle
sensor 52 while an 1gnition switch 1s ofl (during an IG off
state) 1s recorded 1n the assist circuit 33. While the 1gnition
switch 1s on (during an IG on state), the assist circuit 53
outputs the signal related to the absolute steering angle Os
and recorded 1n the assist circuit 53, to the ECU 40 via an
interface 67. The ECU 40 executes calculation on the output
from the rotation angle sensor 52 and the signal related to the
absolute steering angle Os and output by the assist circuit 53,
to output the absolute steering angle 0s. The ECU 40 then
records the absolute steering angle 0s immediately before 1G
1s turned ofl. During the 1G off state, the ECU 40 1s stopped.,
so no change 1n the absolute steering angle Os can be
detected. That 1s, when the IG 1s turned on with the absolute
steering angle 0s having changed during the IG ofl state, the
ECU 40 may perform control with the incorrect absolute
steering angle Os. Thus, the absolute steering angle 0s needs
to be monitored by the rotation angle sensor 32 and the assist
circuit 53 even during the 1G off state.

To allow the signal related to the absolute steering angle
Os to be detected with a reduction in power consumption of
a battery, power from the battery 1s supplied to the rotation
angle sensor 52 during the IG off state. For a reduction 1n
battery consumption, during the IG off state, no power 1s
supplied to the ECU 40, whereas power from the battery 1s
supplied to the rotation angle sensor 52 and the assist circuit
53. Power may be intermittently supplied to the rotation
angle sensor 52. The signal related to the absolute steering
angle Os need not be constantly detected but may be detected
at time intervals suilicient to determine whether the absolute
steering angle Os has changed during the IG off state. The
intermittent power supply enables a reduction in power
consumption.

During the 1G on state, the ECU 40 1s supplied with power
from the battery. The ECU 40 detects a rotation angle 0 by
calculating an arctangent value based on the sin signal and
cos signal obtained by the rotation angle sensor 52. The ECU
40 uses the rotation angle 0 to calculate the absolute steering
angle Os. Based on the relationship between the rotation
angle 0 and the absolute steering angle 0Os, the absolute
steering angle Os can be calculated using the rotation angle
0. Duning the IG off state, the ECU 40 records the absolute
steering angle Os obtained immediately before the 1G 1s
turned off.

Now, a configuration of the assist circuit 53 will be
described.

As depicted 1n FIG. 2, the assist circuit 33 has an amplifier
61, a counter unit 54, and a communication interface 67.
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The amplifier 61 amplifies the sin signal and cos signal
generated by the rotation angle sensor 52. For the assist
circuit 53, a configuration without the amplifier 61 may be
adopted.

The counter unit 54 1s a unit that performs counting based
on the electric signal (sin signal and cos signal) generated by
the rotation angle sensor 52 and generally has two functional
sections. A first functional section detects the rotating direc-
tion of the motor 31 based on the rotation angle sensor 52 to
update a count value according to the rotating direction of
the motor 31 and the electric signal generated by the rotation
angle sensor 52. A second functional section detects the
result of determination of the rotating direction by the first
functional section and an abnormality in count value.

As depicted 1n FIG. 2, the first functional section has a
first rotating direction determining unit 62, a second rotating
direction determiming unit 63, and a counter 64.

The first rotating direction determiming unit 62 determines
the rotating direction (clockwise rotation or counterclock-
wise rotation) of the motor 31 based on the sin signal and cos
signal amplified by the amplifier 61. Upon determining that
the rotating direction of the motor 31 1s counterclockwise,
the first rotating direction determining unit 62 turns on a
counterclockwise rotation detection flag indicating that the
rotating direction of the motor 31 1s counterclockwise. Upon
determining that the rotating direction of the motor 31 1is
clockwise, the first rotating direction determiming unit 62
turns on a clockwise rotation detection flag indicating that
the rotating direction of the motor 31 1s clockwise.

FIG. 3 1s a schematic diagram of the rotating direction
determining unit. The first rotating direction determining
unit 62 and the second rotating direction determining unit 63
have the same configuration, and thus, the first rotating
direction determining unit 62 will be described by way of
example. The first rotating direction determining unit 62
includes a comparator 71, a quadrant detecting umt 72, and
a count direction determining unit 73.

The comparator 71 generates a Hi level signal when the
signal level of the sin and cos signals generated by the
rotation angle sensor 52 has a value larger than a set
threshold, and generates a Lo level signal when the signal
level has a value smaller than the set threshold.

The quadrant detecting unit 72 determines to which of
four possible quadrants the phase of the rotation angle 0 of
the motor 31 currently corresponds, based on a combination
of the Hi level signal and the Lo level signal generated by
the comparator 71. Specifically, the quadrant detecting unit
72 makes determination as follows.

(A1) When both the sin signal and the cos signal are at the
Hi level. At this time, the rotation angle 0 of the motor 31
1s determined to correspond to a first quadrant.

(A2) When the sin signal 1s at the Hi level and the cos
signal 1s at the Lo level. At this time, the rotation angle 0 of
the motor 31 1s determined to correspond to a second
quadrant.

(A3) When both the sin signal and the cos signal are at the
Lo level. At this time, the rotation angle 0 of the motor 31
1s determined to correspond to a third quadrant.

(A4) When the sin signal 1s at the Lo level and the cos
signal 1s at the Hi level. At this time, the rotation angle 0 of
the motor 31 1s determined to correspond to a fourth
quadrant.

The count direction determining unit 73 compares the
current and last quadrants determined by the quadrant
detecting unit 72. The count direction determiming unit 73
turns on a counterclockwise rotation detection flag or a
clockwise rotation detection flag when the current quadrant
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1s different from the last quadrant. When the quadrant
changes counterclockwise, for example, from the first quad-
rant to the second quadrant, the counterclockwise rotation
detection flag 1s turned on, and the clockwise rotation
detection flag 1s off. When the quadrant changes clockwise,
for example, from the first quadrant to the fourth quadrant,
the counterclockwise rotation detection flag i1s off, and the
clockwise rotation detection flag 1s turned on. When no
change occurs 1n quadrant, both the counterclockwise rota-
tion detection flag and the clockwise rotation detection flag
are ofl. When the count direction determining unit 73 1is
normal, 1t 1s 1mpossible that both the counterclockwise
rotation detection flag and the clockwise rotation detection
flag are turned on. If both the counterclockwise rotation
detection flag and the clockwise rotation detection flag are
turned on, a state flag indicative of an abnormality 1s turned
on.

As described above, the first rotating direction determin-
ing unit 62 converts the electric signal (sin signal and cos
signal) generated by the rotation angle sensor 52 into the
counterclockwise rotation detection flag and the clockwise
rotation detection flag for the motor 31.

The counter 64 updates the count value based on the state
flag for the first rotating direction determining unit 62. That
1s, the counter 64 increments the count value (increases the
count value by one) when the counterclockwise rotation
detection flag 1s on and decrements the count value (de-
creases the count value by one) when the clockwise rotation
detection flag 1s on. Since the counterclockwise rotation
detection flag or the clockwise rotation detection flag is
turned on when the quadrant changes, the count value 1s
updated each time the rotation angle 0 changes by 90
degrees.

As depicted 1 FIG. 2, the second functional section has
a comparison unit 65 and an abnormality detecting unit 66.

The comparison unit 65 compares the state flag for the
first rotating direction determining unmit 62 with the state flag
for the second rotating direction determining umt 63 to
determine whether or not the state tlags match. Specifically,
the comparison unit 65 compares the counterclockwise
rotation detection tlag for the first rotating direction deter-
mimng umt 62 with the counterclockwise rotation detection
flag for the second rotating direction determining unit 63.
The comparison unit 65 also compares the clockwise rota-
tion detection tlag for the first rotating direction determining,
unit 62 with the clockwise rotation detection flag for the
second rotating direction determining unit 63. When the
counterclockwise rotation detection flag for the first rotating
direction determining unit 62 does not match the counter-
clockwise rotation detection flag for the second rotating
direction determining unit 63, the comparison unit 65 turns
on a state flag indicative of the mismatch. When the clock-
wise rotation detection flag for the first rotating direction
determining unit 62 does not match the clockwise rotation
detection flag for the second rotating direction determining
unit 63, the comparison unit 65 turns on a state flag
indicative of the mismatch.

The abnormality detecting unit 66 detects an abnormality
in count value based on the count value (current value and
last value) 1n the counter 64 and the state flags (counter-
clockwise rotation detection flags and clockwise rotation
detection flags) for the first rotating direction determining
unit 62 and the second rotating direction determiming unit
63. When no abnormality i1s detected, the abnormality
detecting umt 66 outputs the current value to the ECU 40
when the 1G 1s turned on, as assistance data for calculation
of the absolute steering angle Os. That 1s, the ECU 40
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6

calculates the first absolute steering angle Os after the IG 1s
turned on, taking into account the absolute steering angle Os
recorded in the ECU 40 immediately before the 1G 1s turned
ofl, the rotation angle 0 obtained from the rotation angle
sensor 52 during the 1G on state, and the amount of change
in steering angle derived from the count value.

The abnormality detecting unit 66 detects an abnormality
in the following four cases. Upon detecting an abnormality,
the abnormality detecting unit 66 turns on a state flag
indicative of the abnormality.

(B1) When the counterclockwise rotation detection flag 1s
on, the clockwise rotation detection flag 1s off, a numerical
difference 1s present between the current value and last value
of the count value, and the current value 1s larger than the
last value.

(B2) When the counterclockwise rotation detection flag 1s
ofl, the clockwise rotation detection flag 1s on, a diflerence
1s present between the current value and last value of the
count value, and the current value 1s smaller than the last
value.

(B3) When the counterclockwise rotation detection flag 1s
ofl, the clockwise rotation detection flag 1s off, and the
current value and the last value do not match.

(B4) When the counterclockwise rotation detection flag 1s
on and the clockwise rotation detection flag is on.

The communication interface 67 transmits signals for the
count value, the state flag, and the rotation angle 0 of the
motor 31 output by the rotation angle sensor 52, to the EC
40 while the IG 1s on.

The ECU 40 1s active only during the I1G on state. This 1s
to suppress the power consumption of the battery during the
IG off state. During the 1G on state, the ECU 40 retrieves
various signals, that 1s, signals related to the count value, the
state flag, and the absolute steering angle Os output by the
rotation angle sensor 32. However, the assist circuit 53 need
not always operate during the 1G on state, and 1t 1s also
preferable that the count value, the state flag, and the like
obtained from the assist circuit 33 are obtained only 1mme-
diately after the 1G 1s turned on.

During the IG on state, power 1s supplied to all of the
components such as the rotation angle sensor 52, the assist
circuit 53, and the FCU 40. However, the assist circuit 53
need not constantly be supplied with power during the IG on
state. Thus, first, the rotation angle sensor 52 1s supplied with
power to output an electric signal corresponding to the
rotation angle 0 of the motor 31. In accordance with the
output from the rotation angle sensor 32, the counter unit 54
outputs the rotating direction of the motor 31, the count
value, and the state flag. The output from the rotation angle
sensor 52 and the output from the counter unit 54 are
transmitted to the ECU 40 via the communication interface
67 during the IG on state. The ECU 40 calculates the
absolute steering angle Os from these outputs.

During the IG off state, only some of the components are
supplied with power. That 1s, power 1s supplied to the
rotation angle sensor 52, the amplifier 61, the first rotating
direction determining unit 62, the second rotating direction
determining unit 63, and the counter 64. No power 1is
supplied to the ECU 40 or the communication interface 67.
Thus, the electric signal output by the rotation angle sensor
52 and corresponding to the rotation angle 0 of the motor 31
1s recorded 1n the counter 64 as the current value and the last
value of the count value. Thus, the electric signal 1s not
transmitted to the ECU 40 during the 1G off state.

Now, operations of the EPS 10 will be described.

Normally, while the 1G 1s on, the ECU 40 calculates the

rotation angle 0 of the motor 31 based on the electric signal
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(sin signal and cos signal) generated by the rotation angle
sensor 52 and calculates the absolute steering angle Os using
the rotation angle 0. The ECU 40 calculates a needed assist
force based on the steering torque T and the absolute steering
angle Os, and controls the power supply to the motor 31 to 5

allow the assist force to be applied to the steering mecha-
nism 20.

When the IG 1s turned off, the counter 64 updates the
count value depending on the rotating direction of the motor
31 determined by the first rotating direction determining unit 10
62 even during the IG off state. Thus, even if the absolute
steering angle Os changes during the IG off state due to the
driver’s movement of the steering wheel 21 or the like, the
change 1s monitored.

When the IG, which has been ofl, 1s turned on, if the 15
comparison unit 65 finds a mismatch in the rotating direction
and the state flag indicative of an abnormality 1s detected,
the correct value for the absolute steering angle Os fails to be
detected until a normal state flag 1s detected. Thus, the use
of the EPS 10 utilizing the absolute steering angle Os 1s 20
stopped. This 1s because malfunction may occur when the
EPS 10 uses the absolute steering angle Os while the
absolute steering angle Os 1s unknown, for example, while 1t
1s unknown whether the absolute steering angle Os 1s zero
degree or 360 degrees. When the normal state flag 1s 25
detected during the 1G on state, the ECU 40 calculates the
correct value for the absolute steering angle Os using the
absolute steering angle Os obtained immediately before the
IG 1s turned ofl, the rotation angle 0 obtained from the
rotation angle sensor 52 and the count value. The ECU 40 30
then utilizes the absolute steering angle Os to control the
apparatus.

The above-described steering system can provides advan-
tageous ellects described below.

(1) The last value and the current value in the counter 64 35
are compared to reduce the time needed for the abnormality
detecting process. A method 1s available 1n which two
counters 64 are provided to allow count values in these
counters to be compared to detect an abnormality. However,
the use of a single counter 64 for comparison of the last 40
value and the current value enables a further reduction in the
processing time needed to detect an abnormality. That 1s, 1T
the count values 1n the two counters 64 are compared, data
are collected from the two counters 64 and checked for a
match, leading to the need for time to collect double the 45
amount of data. In contrast, when the last value and the
current value 1n the counter 64 are compared, data may be
collected from the counter 64, eliminating the need to collect
double the amount of data. As a result, the method of using
the single counter 64 to compare the last value with the 50
current value enables a further reduction 1n the processing
time needed to detect an abnormality compared to the
method of using the two counters 64. Furthermore, com-
pared to the use of the two counters 64 for comparison, the
use of the single counter 64 cnables simplification of the 55
configuration in the assist circuit 53 and reduction of the
number of members of the system. Manufacturing costs are
expected to be further reduced.

(2) During the 1G off state, no power 1s supplied to the
ECU 40, and the rotating direction of the motor 31, the count 60
value, and the state flag are recorded by the counter unit 54.
This allows battery consumption to be suppressed. During
the IG on state, power 1s supplied to the ECU 40, and the
ECU 40 calculates the absolute steering angle Os from the
count value obtained by the counter unit 34 during the IG off 65
state and the electric signal (sin signal and cos signal)
generated by the rotation angle sensor 52. With the battery
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consumption during the IG off state suppressed, a change 1n
absolute steering angle Os can be monitored which results
from the driver’s operation of the steering wheel 21 during
the 1G ofl state.

(3) The first rotating direction determining unit 62 and the
second rotating direction determining umt 63 allow the
rotating direction of a steering shait to be determined. Then,
abnormality detection can be performed using the rotating
direction of the steering shaft and the past value and current
value in the counter 64. Furthermore, a plurality of first
rotating direction determining units 62, a plurality of second
rotating direction determiming units 63, and a plurality of
comparison units 65 may be provided to detect an abnor-
mality, allowing the reliability of the determined absolute
steering angle to be improved.

(4) Abnormality detection 1s performed using the current
value and the last value, which 1s the nearest past value, to
allow an abnormality to be detected in the latest state with
time lag further reduced.

(5) Intermittent power supply to the rotation angle sensor
52 and the assist circuit 53 enables a further reduction 1n
battery consumption compared to constant power supply.

The above-described embodiment may be changed as
follows. Other embodiments described below may be com-
bined together to the extent that no technical contradiction
OCCUrs.

In the present example, the present mnvention 1s 1mple-

mented as the electric power steering system. However,
a hydraulic power steering system or a steer-by-wire
steering system may be implemented. Furthermore, the
absolute steering angle Os calculated by the ECU 40
may be shared with other in-vehicle systems such as a
brake, a back guide system, and a vehicular stability
control system that use the absolute steering angle. The
present example 1s also applicable to normal steering
systems that do not assist the steering operation. In this
case, control for assisting the steering operation 1s not
performed, and thus, the ECU 40 for steering need not
necessarily be provided. With the rotation angle sensor
52 and the assist circuit 53 unchanged, the calculation
of the absolute steering angle Os may be executed by a
controller for an in-vehicle system other than the steer-
Ing system.

In the present example, a change 1n the rotation angle 0 of
the rotating shait 31a of the motor 31 1s detected by the
rotation angle sensor 52 to allow the absolute steering
angle Os to be calculated. However, the rotation angle
of the steering shaft 22 may be detected by the rotation
angle sensor 52.

In the present example, the rotation angle sensor 52 that
detects the rotation angle 0 of the rotating shait 31a of
the motor 31 i1s used as a position detector that outputs
a signal related to the absolute steering angle Os.
However, a potentiometer that detects the amount of
axial movement of the rack shaft 23 may be adopted.

In the present example, the MR sensor 1s used as the
rotation angle sensor 52. However, a Hall sensor may
be used. Alternatively, for example, a magnetic 1mped-
ance element, a Faraday element, or a superconducting
quantum interference device (SQUID) may be used.
Besides the magnetic sensor, an ultrasonic sensor or an
encoder may be adopted as the rotation angle sensor 52.

In the present example, the rotation angle sensor 52
serving as a position detector 1s provided on the column
shaft 22a. However, the rotation angle sensor 52 may
be provided on any portion of the steering shaft 22.
When the amount of axial movement of the rack shatt
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23 1s used as a signal related to the absolute steering
angle Os, the potentiometer serving as a position detec-
tor that detects the amount of axial movement of the
rack shait 23 may be provided on the rack shait 23.

In the present example, the last value and the current
value of the count value are compared to detect an
abnormality 1n the counter 64. However, the current
value may be compared with a value at another past
point 1n time. For example, the last but one value may
be used for the comparison when the absolute steering
angle Os 1s known to be unchanged. Alternatively, the
last but one value, the last value, and the current value
may be compared with one another or comparison may
be performed on time series changes since any point 1n
time as needed. For example, 11, due to the intermittent
power supply to the rotation angle sensor 32, the
abnormality detecting unit 66 need not frequently com-
pare the current value with the past value, that 1s, may
perform one comparison for every several count values,
the current value may be compared with the last but one
value.

In the present example, the assist circuit 53 may be
constantly supplied with power during the I1G on state.
That 1s, the assist circuit 53 1s constantly supplied with
power even during the IG on state to allow the count
value to be updated. Thus, the ECU 40 need not record
the absolute steering angle Os obtained immediately
betore the 1G 1s turned off. The ECU 40 calculates the
absolute steering angle Os using the count value and the
rotation angle 0 obtained from the rotation angle sensor
52 during the 1G on state.

In the present example, the first rotating direction deter-
mining unit 62 and the second rotating direction deter-
mining unit 63 are provided as the circuit configuration.
However, a mechanical configuration may be provided
which performs counting in conjunction with the
motion of gears or the like. For example, a configura-
tion may be provided in which a gear 1s attached to the
motor 31 so that, when the gear rotates 1n conjunction
with the motor 31, a mechanical counter 64 attached to
the gear 1s used to perform automatic counting. That 1s,
the mechanical counter 64 may be configured to
mechanically increase the count value as the gear
rotates and teeth of the gear move. In contrast, when the
motor 31 rotates in the opposite direction, the count
value mechanically decreases. Such a configuration
climinates the need for the first rotating direction
determining unit 62 and the second rotating direction
determining unit 63.

In the present example, the first rotating direction deter-
mining unit 62 and the second rotating direction deter-
mining unit 63 are provided. However, the first rotating
direction determining unit 62 and the second rotating
direction determining unit 63 may be omitted. For
example, 1t 1s sutlicient to be able to determine whether
or not the motor 31 has rotated, with the rotating
direction of the motor 31 not determined. Given that a
rotation tlag 1s turned on when the motor 31 has rotated
and 1s off when the motor 31 has not rotated, the
abnormality detecting unit 66 detects an abnormality 1n
the following two cases.

(C1) When the rotation flag 1s off and a specified numeral
difference 1s present between the current value and the past
value of the count value.

(C2) When the rotation flag 1s on and the specified
numeral difference 1s not present between the current value
and the past value of the count value.
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In the present example, the second rotating direction
determining unit 63 and the comparison unit 65 are
provided. However, the second rotating direction deter-
mining unit 63 and the comparison unit 635 need not
necessarily be provided. In that case, 1t 1s impossible
that the comparison unit 65 determines an abnormality
in the first rotating direction determiming umt 62 and
the second rotating direction determining unit 63, but
the abnormality detecting unit 66 can detect an abnor-
mality 1n the count value in the counter 64. On the
contrary, three or more second rotating direction deter-
mining units 63 may be provided. In that case, the
comparison unit 65 using the second rotating direction
determining units 63 detects an abnormality in each of
the second rotating direction determining units 63.

What 1s claimed 1s:

1. A steering system comprising:

a position detector that 1s configured to detect a signal
related to an absolute steering angle;

an assist unit that 1s configured to acquire the signal
related to the absolute steering angle while an 1gnition
switch 1s off:

a steering operation shaft that 1s configured to make linear
motion 1 conjunction with rotation of a steering shaft
to steer steered wheels; and

a motor that 1s configured to apply an assist force to the
steering shaft or the steering operation shaft,

wherein the assist umit includes:

a counter that 1s configured to increase and decrease a
count value based on a steering direction when the
1gnition switch 1s ofl; and

an abnormality detecting unit that 1s configured to
compare the count value obtained when the 1gnition
switch 1s off and a count value obtained immediately
before the 1ignition switch 1s turned off to detect an
abnormality 1n the absolute steering angle.

2. The steering system according to claim 1, wherein

the assist unit includes a rotating direction determining
unit that 1s configured to determine a rotating direction
as the steering direction based on the acquired signal,

the counter 1s configured to update the count value based
on the rotating direction determined by the rotating
direction determining unit, and

the abnormality detecting unit 1s configured to detect an
abnormality 1n the absolute steering angle based on the
rotating direction of the steering shaft determined by
the rotating direction determining umt and a result of
comparison between the past value and the current
value.

3. The steering system according to claim 2, wherein

the assist unit includes a comparison unit and a plurality
of the rotating direction determining units, and

the comparison unit 1s configured to compare the rotating
directions determined by the rotating direction deter-
mining units to detect an abnormality 1n a determina-
tion result for the rotating direction.

4. The steering system according to claim 1, wherein

the position detector 1s configured to generate, as the
signal related to the absolute steering angle, an electric
signal according to an amount of rotation of the motor.

5. The steering system according to claim 1,

wherein the steering operation shaift 1s configured to make
linear motion 1n conjunction with rotation of the steer-
ing shait to steer the steered wheels, wherein

the position detector 1s configured to generate, as the
signal related to the absolute steering angle, an electric
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signal according to an amount of rotation of the steer-
ing shait or an amount of displacement of the steering
operation shaft.

6. The steering system according to claam 4, further
comprising;

a controller that 1s configured to control the motor based
on a signal related at least to a steering torque and the
steering angle, wherein

while the i1gnition switch 1s ofl, power supply to the
controller 1s stopped but power 1s continuously sup-
plied to the position detector and the assist unit.

7. The steering system according to claim 1, wherein the
steering system 1s configured to intermittently drive the
position detector and the assist unit.

8. The steering system according to claim 6, wherein the
signal related to a steering torque 1s detected by a torque
SENnsor.
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